Background: Prenatal diagnosis involves methods used in early pregnancy as either screening tests or diagnostic methods. The aims of the study were to i) investigate guidelines on prenatal diagnosis in the counties of Sweden, ii) investigate uptake of prenatal diagnosis, and iii) background characteristics and pregnancy outcomes in relation to different prenatal diagnostic methods. Methods: A retrospective cross-sectional study using data from the Swedish Pregnancy Register 2011 to 2013 (284,789 pregnancies) was performed. Additionally, guidelines on prenatal diagnosis were collected. Biostatistical and epidemiological analyses were performed including calculation of odds ratios (OR) and their 95% confidence intervals in univariate and multivariate logistic regression analyses.
Background
Antenatal care (ANC) is free of charge which almost all pregnant women in Sweden attend [1] . Most pregnant women are managed by public ANC facilities but private ANC clinics are also available. Sweden is divided into 21 counties, including 43 maternal health care areas (MHCAs). The 43 MHCAs issue medical guidelines based on national recommendations, local health care organization, and local policy related to surveillance of pregnancy [1] . For each MHCA, an antenatal care obstetrician and an antenatal care coordinator (midwife) are responsible for the medical guidelines. ANC in Sweden is mainly organized within the primary health system, but exceptionally it is integrated within hospital systems. Midwives working in ANC units are responsible for the monitoring of pregnant women with regard to current medical guidelines, and are responsible of referral of patients to hospital clinics when indicated. Information on prenatal diagnosis is provided by midwives in ANC, whereas prenatal screening or diagnostic procedures are generally undertaken in hospital-based clinics. In addition, midwives in ANC have to manage different administrative systems related to provision of health care, such as keeping medical records, and entering data into the Swedish Pregnancy Register.
The Maternal Health Care Register and the Swedish Pregnancy Register
The Swedish Maternal Health Care Register (MHCR) is a national quality register where pregnant women participate on a voluntary basis by contributing with information on their pregnancy and delivery [2] . MHCR has collected data on outcomes of pregnancy, delivery, and the postpartum period since 1999. The quality of data recorded in the MHCR has previously been investigated, and show that most variables in the MHCR demonstrated good to a very good degree of coverage of data, and satisfying internal validity [3] . The MHCR was integrated in the Swedish Pregnancy Register (SPR) in January 1st 2013, in a merge of three registers involved in the different aspects of health care during pregnancy. The proportion of pregnancies registered in the MHCR was 81 and 85% during 2011 and 2012. The participation rate in the SPR during 2013 was further increased, reaching 89% of all women continuing pregnancy.
The National Board of Health and Welfare in Sweden has issued regulations concerning counselling on different methods of early prenatal screening and diagnostic procedures [4] . These regulations state that pregnant women and their partners must be offered this information at first visit in ANC. Early prenatal diagnosis is defined as prenatal screening and diagnostic procedures during the first 22 weeks of gestation [5] . Prenatal screening or diagnostic procedures during the first 22 weeks of gestation include the second trimester scan usually performed at a gestational age of 18 to 20 weeks, Combined Ultrasound and Biochemical test (CUB) and invasive tests such as either Chorionic Villus Sampling (CVS) or Amniocentesis (AC). CUB is a screening test, basically used to estimate the risks of trisomy 13, 18, and 21. The CUB test is performed during the first trimester when maternal serum samples are collected followed by a nuchal translucency scan during the gestational period of 11 to 13 + 6 days [6, 7] . The combined likelihood ratios are then calculated, and when the risk of Down's syndrome is estimated to be higher than 1/200 above, the woman is offered an invasive procedure in order to obtain a certain diagnosis [8] . An invasive test may be a consequence of CUB, but may also be performed due to a known or suspected genetic condition that may be determined by DNA-PCR, CGH array or specific mutation analysis [5] . AC may be performed following 15 completed weeks, due to the increased risk of miscarriage or clubfoot, if the procedure is performed at an earlier gestational age [9] .
The rationale of this study was to investigate the utilisation of prenatal diagnosis in Sweden during the study period 2011 to 2013 in relation to the different offers of prenatal screening and diagnostic procedures on a national level and comparing different counties.
Aims
The overall aim was to investigate background characteristics and pregnancy outcomes in relation to the use of prenatal screening methods and diagnostic procedures in Sweden.
The specific aims of the study were to i) investigate guidelines on prenatal diagnosis in the counties of Sweden, ii) investigate uptake of routine ultrasound examination, combined ultrasound and biochemical test (CUB), chorionic villus sampling (CVS) and amniocentesis (AC), and iii) background characteristics and pregnancy outcomes in relation to different prenatal screening and diagnostic procedures.
Methods

Study design and setting
This retrospective, cross-sectional, epidemiological study analysed data on pregnancies from the Swedish Maternal Health Care Register and the Swedish Pregnancy Register from 2011 to 2013. MHCR was an independent register until 2012. MHCR was integrated into the SPR, as one of three registers when the SPR was formed in 2013. Here, SPR refers to MHCR and SPR as one entity. Inclusion criteria, for participating in the study, were being a subject included in the SPR with a date of delivery of a live or stillborn child from January 1st 2011 to December 31st 2013, and with a gestational age of 22 weeks and 0 days to 43 weeks and 0 days. Data on all pregnancies 2011 to 2013 were obtained from the SPR, comprising 284,789 women and their offspring. The participation rate of pregnant women in SPR was during 2011, 2012, and 2013, 81, 85 and 89%, respectively. The coverage of variables in relation to county, varied from 74 to 99% during 2013. Additionally, medical guidelines regarding offers to pregnant women on prenatal screening and diagnostic procedures were collected from each Maternal Health Care Area (MHCA; N = 43) in Sweden for 2011, 2012 and 2013. The guidelines during this study period were almost consistent with the exception of changes in two counties where no pregnant women previously had been offered CUB until 2011. A new guideline was introduced during 2012 in these two counties, offering all pregnant women CUB. The proportion of births in these two counties corresponds to 4% of all births in Sweden. Sweden includes 21 different counties where the majority of counties host only one MHCA, whereas some larger cities host multiple MHCAs, as for example the area of the capital Stockholm. Results related to guidelines will be presented on county-level.
Definitions of variables
Some variables acted both as independent and dependent variables in analyses. See the descriptions below.
Independent variables
Maternal age was defined as age in years at delivery. Parity was defined as total number of children born (including the index pregnancy in the SPR). Primiparity was defined as having delivered one child, i.e. including the index pregnancy, and multiparity was defined as having delivered at least 2 children (in two pregnancies or more, including the index pregnancy). Body mass index (BMI) was calculated with the formula BMI = kg/ m 2 [10] . Level of education was defined as elementary school, high school or university. Employment status was categorized into "employed", "student", "parental leave", "unemployed", "sick leave", and "other status". Country of origin was categorized into Sweden, other Nordic countries (Norway, Finland, Iceland, and Denmark) and Europe (excluding Sweden and other Nordic countries), Africa, Asia and other countries. The variable Alcohol screening (Alcohol Use Disorder Identification Test = AUDIT scores) was categorized in whether performed "yes" or "no". AUDIT-score ranged from 0 to 40 scores, and was categorized into ≤5 scores and ≥6 scores, which indicates harmful alcohol use [11] . Self-rated health prior to pregnancy was categorized in "very good", "good", "neither good nor poor", "poor", and "very poor". The following variables were categorized in "yes" or "no": smoking at 3 months prior to pregnancy, smoking at first ANC visit, smoking at 32 weeks of gestation, use of snuff 3 months prior to pregnancy, use of snuff 3 months at first ANC, use of snuff at 32 weeks of gestation, counselling due to fear of childbirth where fear of childbirth was defined in the SPR as a subject being referred for counselling due to fear of childbirth, treatment of psychiatric disorder where psychiatric disorder was defined in the SPR as either medical or psychological treatment of psychiatric disorder, or both, combined ultrasound and biochemical test (CUB), chorionic villus sampling (CVS) and amniocentesis (AC).
Dependent variables
The following variables were categorized into "yes" or "no": combined ultrasound and biochemical test (CUB), chorionic villus sampling (CVS), amniocentesis (AC), counselling due to fear of childbirth and treatment of psychiatric disorder. Gestational age was reported in days of gestation and presented as a continuous variable. Mode of delivery was categorized in "vaginal delivery", "instrumental delivery" (including delivery with vacuum extraction or forceps), and "caesarean section". Caesarean section (CS) was further categorized in "elective caesarean section" and "emergency caesarean section". Birth weight in grams was presented as a continuous variable.
Statistics
Categorical variables were analysed with frequencies and percentages. Continuous variables were presented by their mean value and standard deviation (SD), and by their median value and interquartile range (IQR). Continuous variables were tested for the assumption of normal distribution. Test of trend was analysed by Linearby-Linear Association for investigation of linear trends over the years. Test of difference between independent groups were analysed with One-Way Anova test and independent samples t-test for parametric data, corrected for homogeneity for variance if necessary. The Pearson's Chi-Square test was used for test of difference between groups for categorical data. Level of significance was set at p < 0.05. Odds ratios (OR) and their 95% confidence intervals (CI) were calculated in univariate and multivariable logistic regression analyses. SPSS vs. 22 and vs. 23 were used for these calculations. A Venn diagram was created to present the uptake of CUB, CVS and AC in the study sample. A figure presenting a map of Sweden was created to illustrate geographical differences in uptake of CUB, where the 21 counties were categorized into 4 groups of CUB uptake rate: less than 10%, 10 to 29.99%, 30 to 69.99% or 70% or more.
Results
Offers on prenatal diagnosis in Sweden
All counties in Sweden except one had issued written guidelines concerning offers of prenatal screening methods and diagnostic procedures during the first and second trimesters of pregnancy. These guidelines remained unchanged in all counties except for two counties, during the study period. Three Swedish counties offered a routine ultrasound examination at 12 weeks of gestation for the purpose of dating and all other counties offered a second trimester scan at the gestational age of 17-20 weeks, with the exception of one county that accepted dating from week 16. CUB was offered to all pregnant women in six counties, was offered on indication advanced maternal age in nine counties, and was not offered at all in five counties. The definition of advanced maternal age as indication for CUB demonstrated a substantial variation between counties. The different cut-off-values defining an indication for offering the CUB test were: age >33 years at last menstrual period, age ≥35 years at last menstrual period, age ≥35 years at conception, age ≥35 years at the time for the CUB-test, and age ≥35 years at the estimated date of delivery. In addition, one county included "anxiety related to pregnancy" as an indication for offering CUB. All counties offered either CVS or AC as prenatal diagnostic procedures on the indications: maternal age ≥35 years, increased risk for chromosomal aberration following CUB, or second trimester serum screening, or familial genetic condition. Three counties offered AC only if CUB had previously been performed and indicated an increased risk. During 2013, the uptake of CUB varied between the counties from 2.2% to 80.3%, ( Table 1 ). Figure 1 shows a map of Sweden presenting the 21 counties and their uptake of CUB categorized into four levels. The lowest uptake rate, i.e. uptake less than 10%, corresponds to counties where no pregnant women were offered CUB. Pregnant women, living in any of the counties where no women were offered CUB, could still have undergone CUB but if so, privately and at their own expense.
The study population
The study population included 284,789 pregnant women, and the distribution of participants per year was 30.9% (2011), 33.7% (2012) and 35.3% (2013). Background characteristics for the study population are presented in (Table 2) . For multiparous women, the variable maternal age was normally distributed 2012 and 2013 (Table 2 ). For primiparous women who had undergone CUB-test the variable maternal age was normally distributed (Table 4) . All other continuous variables demonstrated skewness to some degree. Almost all pregnant women were examined with a routine ultrasound scan during pregnancy (97.6%), and the overall proportions of women examined with CUB, CVS or AC were 33.0, 1.1 and 2.6% (Table 3 ). The percentage of women examined with CUB increased significantly during the study period from 29.8% in 2011 to 36.2% in 2013 (p < 0.001) ( Table 3 ). The number of pregnant women, who were Singletons exclusively included in analysis examined with CUB, CVS or AC, or any combinations of these procedures, was in total 98,697, which corresponds to 33.4% of all women and is presented in a Venn diagram (Fig. 2) . Of all pregnant women who were examined with CUB, 1.1% (n = 1252) thereafter underwent CVS, and 2.7% (n = 2493) underwent AC after CUB. Of all women who were examined with CVS (n = 2970), 42.2% had undergone CUB prior to CVS. Of all women who were examined with AC (n = 7279), 34.2% had undergone CUB prior to AC.
Mean age for primiparous women who underwent CUB, CVS or AC was 31.34, 33.79 and 33.65 years, respectively (Table 4) . Overall mean age for pregnant women who had not been examined with CUB, CVS or AC was 28.84 (defined as "all others" in Table 4 ), where the mean age for primiparous and multiparous women in this category was 27.09 and 30.29 years, respectively. BMI for pregnant women who had undergone CUB, CVS or AC was 24.40, 24.10 and 24.94, respectively, whereas BMI for pregnant women who had not undergone CUB, CVS or AC ("all others") was 24.99. There was a statistically significant difference in BMI between those who underwent CUB and "all others" (p-value <0.001) ( Table 4) .
Pregnant women who underwent CUB, CVS or AC reported being employed in significantly higher proportions (80.3, 87.0 and 77.8%, respectively), vs. 65% for women who had not undergone CUB, CVS or AC (p-value <0.001).
Information on country of birth was available for almost all participants (Table 2 ). Sweden as country of birth was reported by 79.4% of all pregnant women (Table 2 ). Pregnant women who had undergone CUB, CVS and AC, reported Sweden as country of birth in 84.5, 85.4 and 81.8% of the cases, respectively. The corresponding figure for pregnant women who had not been exposed to CUB, CVS or AC was 76.7%. That means that a significantly lower proportion of women who were born outside of Sweden was examined by CUB, CVS and AC (p-value <0.001) ( Table 4) .
A proportion of 35.2% of women with a Nordic origin were exposed to CUB. The corresponding figures for women born in Europe, Africa, and Asia were 31.5, 11.8 and 24.5% respectively. Smoking was reported to a significantly lower degree (p-value <0.001) at all three check points, i.e. 3 months prior to pregnancy, at first antenatal visit and at gestational age of 32 weeks, by women who had undergone CUB compared to those who had not been examined by CUB, CVS or AC, i.e. "all others" (Table 4) . Women who had been examined by CUB, CVS or AC reported having received counselling due to fear of childbirth in 9.7, 10.9 and 10.2% of cases, respectively. Women who had not been examined with CUB, CVS or AC reported having received counselling due to fear of childbirth in a significantly lower proportion (6.5%; p-value <0.001) ( Table 4 ). There was no significantly difference between the group of women who had undergone CUB and women included in the group "all others" regarding gestational age at delivery ( Table 4) .
The overall proportion of CS in the study group was 16.4% (Table 2 ). For pregnant women who had undergone CUB, CVS and AC, the prevalence of CS were 19.1, 24.3 and 24.3%, respectively, and the corresponding figure for "all others" was significantly lower 14.8% (p-value <0.001) ( Table 4) .
If caesarean section had been performed, the proportions of those who underwent elective CS or emergency CS were as follows; women who had undergone CUB, 49.3% and 50.7%, women who had undergone AC, 51.7% and 48.3% and women who had undergone CVS, 58.7% and 41.3% respectively. The corresponding figures for women included in the group "all others" were 39.1% (elective CS) and 60.9% (emergency CS), (Table 4) .
The odds ratio for undergoing CUB at a maternal age of 35 years or older, was highly increased (4.36; 95% CI 4.28-4.45). When the OR was adjusted for educational level the OR still remained increased (4.00; 95% CI 3.91-4.08). Table 5 presents univariate and multivariable logistic regression analyses for the uptake of CUB in relation to specific background characteristics. Educational level demonstrated a strong impact on the likelihood of being examined with a CUB test. Women under the age of 35 years, having attended university, had an Adjusted Odds Ratio (AOR) of 1.79 (95% Adjusted Confidence Interval (ACI) 1.75-1.83) for undergoing CUB (Table 5 ). The corresponding figure for women 35 years or older who had attended university was AOR 1.53 (95% ACI 1.47-1.61) ( Table 5) . Pregnant women with a BMI of 25 or more, women who were unemployed, women who were born outside of Sweden and women who reported ongoing smoking at their first visit at ANC demonstrated a decreased AOR for undergoing CUB (Table 5) . Women under the age of 35 years who had received counselling due to fear of childbirth had an increased AOR of 1.38 (95% ACI 1.32-1.45) for undergoing CUB, whereas the corresponding figure for women 35 years or older was somewhat lower (1.27; 95% ACI 1.18-1.28). Women in both age groups, having received treatment for psychiatric disorder, demonstrated a small but statistically significant increased AOR for undergoing CUB (Table 5) .
Maternal age demonstrated the highest impact on the likelihood of undergoing invasive prenatal diagnosis (AC: COR 7.97; 95% CI 7.58-8.38, and CVS: COR 6.72; 95% CI 6.23-7.24). Further, women who had achieved an educational level corresponding to university had an increased likelihood of undergoing AC (COR 1.54; 95% CI 1.46-1.62) and CVS (2.68; 95% CI 2.45-2.92), in relation to women with a lower educational level. Their increased odds ratios for AC and CVS remained unchanged after adjusting for maternal age (AC: AOR 1.54; 95% ACI 1.46-1.62, and CVS: AOR 2.68; 95% ACI 2.45-2.92). Additionally, pregnant women who had received counselling due to fear of childbirth demonstrated a higher likelihood of undergoing AC or CVS (AC: COR 1.39; 95% CI 1.29-1.50, and CVS: COR 1.49; 95% CI 1.32-1.67), in comparison to those who had not 
Discussion
The aim of this study was to make a national survey on guidelines concerning offers on prenatal diagnosis in Sweden. Further, we aimed to investigate background characteristics and pregnancy outcomes in relation to the uptake of different prenatal diagnostic methods. During the study period of 2011 to 2013 in Sweden there was an absence of a national consensus regarding guidelines on offers of prenatal diagnosis. The Swedish law states that all pregnant women should be offered information on prenatal diagnosis [4] . However, the opportunities of undergoing different prenatal screening or diagnostic procedures were not equally distributed during the time period under study among Swedish counties. On a national level, the uptake of the second trimester scan, CVS and AC was relatively stable during the study period whereas the uptake of CUB increased from 29.8%, 2011 to 36.2% in 2013. A Danish study performed 2008, shows a sharp decline in the uptake of invasive prenatal diagnosis when implementing screening programs offering CUB [12] . A study exploring determinants of participating in the first trimester combined test shows that advanced maternal age is the primary indication and has the highest impact for uptake of CUB [13] . As expected, our study displayed increased maternal age as the factor with the highest impact on whether pregnant women were examined with a CUB test. Further, A study investigating effects of knowledge, education and experience of first trimester screening shows that women with a university education have a higher degree of knowledge of first trimester screening [14] . A Swedish study from 2012, exploring the effects of a public video aiming for an informed choice in relation to exposure to second trimester ultrasound, shows that women with college or university educational level were more likely to make an informed choice [15] . In our study women who had achieved a university education were more likely to undergo the CUB test, and the effect of educational level was more pronounced for women younger than 35 years of age in comparison to women 35 years or older. It is likely that higher education implicates a higher ability to gain, interpret and use information on different health offers, health promotion or risk factors. Ethnicity in relation to uptake of prenatal diagnosis has been investigated in several previous studies [16] [17] [18] . A register-based study in the Netherlands shows that women with a North-African ethnic origin have the lowest participation rate in prenatal screening for Down's syndrome, only 8% participation rate compared to the higher rate for women with a Dutch (28%) or other Western origin (33%) [16] . Also, an Australian study demonstrates that ethnicity is strongly associated with the uptake of prenatal diagnosis [17] . Women with Caucasian ethnicity were more likely to utilize prenatal diagnosis than other women. The proportion of screening was significantly lower for women of aboriginal origin [17] . It has been reported that Asian women living in the United Kingdom are less likely than white women to be offered and undergo screening for Down's syndrome [18] . Our study showed that women, 35 years or older and with a country of birth outside of Sweden presented a 45% decreased likelihood of undergoing CUB. The lowest uptake was demonstrated by women born in Africa. Lower uptake of prenatal diagnosis in minority ethnic groups and among socioeconomically disadvantaged women, has been shown to reflect lower rates of informed choice rather than more negative attitudes towards screening [19] . Our study was not able to investigate possible effects of language barriers for pregnant women with no or little skills in Swedish to make an informed choice. In our study, country of birth had a somewhat higher impact on utilization of CUB than on utilization of CVS or AC. This might be explained by the difficulty to inform about risk evaluation and by providing pregnant women with correct information thus facilitating for making an informed choice. Pregnant women who had received counselling due to fear of childbirth utilized prenatal diagnosis to a higher degree than other women. To our knowledge, association between fear of childbirth and utilization of prenatal diagnosis has not previously been investigated. It seems likely that a higher level of anxiety could be manifested both as fear of childbirth as well as an increased concern related to the pregnancy resulting in increased number of medical procedures. During the study period, the SPR did not include data on Non-Invasive Prenatal testing (NIPT). This method is based on analysis of cell-free fetal DNA in maternal blood [20] . In Sweden, NIPT is currently offered only in a few counties and strictly on specific indications. However, this method is accessible on the pregnant woman's own expense.
Methodological considerations
During the study period, the Swedish Pregnancy Register demonstrated a satisfactory coverage of pregnancies and moreover, all counties of Sweden are represented in the SPR. Data in the Swedish Medical Birth Register for 2012, demonstrate a mean maternal age, for primiparous women, of 28.4 years, and a mean BMI (all pregnant women) of 24.8 [21] , and the corresponding figures in the SPR 2012, were 28.8 (years) and 24.8 (BMI), respectively. These results indicate that data in SPR are very similar to data in the Swedish Medical Register that is a compulsory health register demonstrating an almost complete coverage of pregnant women in Sweden. The validity of data in the SPR has previously been investigated and most variables demonstrate good internal validity and coverage [3] . However, the validity check also revealed that the absolute numbers of invasive prenatal diagnosis such as CVS and AC are underestimated [3] . The SPR does not include information on pregnancies with a gestational age of less than 23 weeks of gestation. Therefore, an additional limitation of this study was that different frequencies of prenatal diagnosis could not be established for this category of pregnant women that may have terminated their pregnancies.
Conclusions
Offers of prenatal diagnostic procedures varied considerably between counties in Sweden. Maternal age, as expected, demonstrated the strongest association with the uptake of CUB, AC and CVS. Further, educational level was a strong predictor of uptake of prenatal diagnosis. These circumstances result in an unequal access of prenatal diagnostic tests for pregnant women. The intentions of the Swedish Health and Medical Services Act stating that equal care should be provided for all, was thus not fulfilled. Expecting couples should be offered the same opportunities on prenatal diagnosis nationally. 
